Background: No standard second-line regimen exists for the treatment of advanced esophageal squamous cell carcinoma (ESCC). The aim of this study was to evaluate the efficacy and safety of irinotecan and fluorouracil-based chemotherapy as a second or third-line regimen for advanced ESCC patients. Methods: We retrospectively reviewed a cohort of 27 consecutive patients with advanced ESCC in one institute, treated with a combination of irinotecan plus fluorouracil-based regimens after the failure of first-line platinum-based therapy. Nine patients were treated with 150-160 mg/m 2 irinotecan and 400 mg/m 2 fluorouracil (5-FU) on day 1, followed by 2000 mg/m 2 5-FU during a 48-hour infusion every two weeks. Eighteen patients received 150-160 mg/m 2 irinotecan on day 1 and 80-120 mg/day S-1 on days 1-10 every two weeks. The S-1 dose was based on the patients' body surface area. Results: Twenty-four of the 27 patients were assessable for response. One (3.7%) patient achieved complete response, seven (25.9%) achieved partial response, eight (29.6%) had stable disease, and eight (29.6%) had progressive disease. The median progression-free and overall survival were 4.8 (95% confidence interval [CI]: 1.2-8.4) and 10.5 months (95% CI: 8.4-12.7), respectively. Grade 3 neutropenia and diarrhea were detected in four (15%) and one (4%) patient, respectively. No grade 4 toxicity was noted. Conclusions: Our study indicates that an irinotecan plus 5-FU-based regimen is effective and well-tolerated as a second or third-line chemotherapy for patients with advanced ESCC.
Introduction
Esophageal cancer is a common malignant tumor worldwide and the fourth leading cause of cancer-related mortality in China. 1 The predominant histological types of esophageal cancer are squamous cell carcinoma and adenocarcinoma. Despite the considerable variation of incidence in different countries, squamous cell carcinoma accounts for more than 90% of all esophageal carcinomas in China. Patients who present at diagnosis with metastatic disease are unsuitable for primary surgical resection. Cisplatin-based regimens have been established as first-line chemotherapy in such patients with advanced esophageal squamous cell carcinoma (ESCC), demonstrating response rates (RRs) of 30-60% and median overall survival ranging from five to 10 months. [2] [3] [4] However, these patients could ultimately develop progression after the failure of first-line treatment. Until recently, there has been no established standard regimen for the second or third-line treatment of metastatic ESCC patients. Therefore, there is an increasing urgency to define effective chemotherapy after failure of first or second-line chemotherapy. A number of chemotherapy regimens have been investigated in ESCC patients and have shown generally low activity in the second or third-line setting. The most utilized regimen in published studies has been a docetaxel combined with platinum analog. [5] [6] [7] Irinotecan, a topoisomerase I inhibitor, has been shown to have an overall response rate of 15% as a single agent in the treatment of cisplatin-refractory esophageal carcinoma. 8 An irinotecan combined with a fluorouracilbased (5-fluorouracil or capecitabine) regimen has shown modest antitumor activity and acceptable toxicity for advanced esophageal and gastric cancer. 9, 10 However, all of these studies were phase II clinical trials, in which the predominant histology type was adenocarcinoma; the proportion of patients enrolled with ESCC was low.
In this study, we retrospectively analyzed a series of 27 patients with recurrent/metastatic ESCC treated with an irinotecan and fluorouracil-based regimen as second or third-line chemotherapy. Efficacy and clinical safety were evaluated after observing treatment-related toxicities.
Patients and methods

Patient eligibility
Data from 27 consecutive patients with recurrent or metastatic ESCC treated with irinotecan combined with fluorouracil-based chemotherapy at the Cancer Hospital, Chinese Academy of Medical Sciences, between July 2010 and July 2014, were retrospectively reviewed. The eligibility criteria included: (i) histological diagnosis of ESCC; (ii) age > 18 years; (iii) Eastern Cooperative Oncology Group (ECOG) performance status 0-2; (iv) at least one measurable lesion; (v) failure of the initial or second-line chemotherapy; (vi) no prior exposure to irinotecan or 5-fluorouracil (5-FU) as firstline chemotherapy; and (vii) adequate hematologic, hepatic, and renal functions (absolute neutrophil count > 1.5 × 10 9 /l, platelet count > 100 × 10 9 /l, total bilirubin ≤ 1.5 × upper limit of normal, aspartate transaminase and alanine transaminase ≤ 2 × upper limit of normal, and creatinine ≤ 1.5 mg/dl).
Treatment
Second-line treatments commenced at least one month after receiving a prior chemotherapy regimen. Of the 27 patients, nine were administered a combined regimen of 150-160 mg/m ). S-1 was administered twice daily. Atropine 0.25 mg was given subcutaneously previous to irinotecan to prevent the cholinergic syndrome associated with irinotecan. There were no delays or dose reductions during chemotherapy.
Evaluation of the response and toxicity
Objective tumor response was evaluated according to Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 after at least two cycles of treatment, and the diameter of the target lesion was measured by computed tomography scan. Complete response (CR) was defined by the disappearance of all measurable/evaluable disease, partial response (PR) by at least a 30% decrease in the target lesions, and progressive disease (PD) by at least a 20% increase in the target lesions or the appearance of one or more new lesions. Stable disease (SD) was defined as neither PR nor a sufficient increase to qualify for PD. The RR was defined as the percentage of cases with a best overall response of CR or PR. The tumor control rate was defined as the percentage of cases which achieved CR, PR or SD. Treatment-related toxicities were graded according to Common Terminology Criteria Adverse Events (CTCAE) version 4.0.
Statistical analysis
Progression-free survival (PFS) was calculated from the date of initial treatment with irinotecan and fluorouracil-based chemotherapy to the date of progression or last follow-up. Overall survival (OS) was calculated from the date of initial treatment with irinotecan and fluorouracil-based chemotherapy to the date of death or last follow-up. Both PFS and OS were analyzed using the Kaplan-Meier method. All analyses were performed by SPSS version 19.0 (IBM Corp., Armonk, NY, USA).
Results
Patient characteristics
The characteristics of the 27 patients are summarized in Table 1 . All patients were male, with a median age of 56 years (range 44-63), and a histological diagnosis of squamous cell carcinoma. All patients had received prior systemic chemotherapy of paclitaxel combined with platinum, and 66% had undergone previous radical treatment with surgery (12/27) or radiotherapy (6/27 ). An irinotecan and fluorouracil-based regimen was administered as second-line chemotherapy in 23 cases (85%) and as third-line chemotherapy in four cases (15%), including nine patients (33%) who were given irinotecan/5-FU and 18 (67%) who were given irinotecan/ S-1.
Response and survival
A total of 87 cycles were administered to 27 patients, with a median of three cycles per patient (range 1-8). Twenty-four of the 27 patients (89%) were assessable for response; treatment was discontinued in three patients after the first cycle as a result of grade 2 nausea and vomiting in two patients, and grade 3 diarrhea in one. Of the 24 patients, five were evaluated after two cycles of treatment, and 19 were evaluated after three cycles. All efficacy data are reported using the intentionto-treat population. The best overall response was evaluated in each case (Table 2) . Objective responses to treatments were observed in eight cases (29.6%) with a disease-control rate of 59.2%. One patient achieved CR (3.7%), seven patients achieved PR (25.9%), 29.6% of patients had SD, and 29.6% had PD. At a median follow-up of 15. 
Toxicity
Treatment-related toxicities are shown in Table 3 . Regarding hematological toxicity, neutropenia (8 cases, 30%) was the most frequently observed complication, followed by leucopenia (7 cases, 26%) and anemia (6 cases, 22%). Regarding grade 3 adverse events, four cases (15%) of neutropenia were observed; anorexia (9 cases, 34%) and nausea/vomiting (9 cases, 34%) were the most common nonhematological toxicities, followed by diarrhea (4 cases, 15%) and fatigue (3 cases, 11%). We observed one case (4%) of grade 3 diarrhea. No grade 4 adverse event was observed. The treatment was well tolerated and no toxic death occurred.
Discussion
Our study provides evidence of the clinical utility of an irinotecan plus fluorouracil-based regimen as salvage therapy in patients with ESCC. As a previous study demonstrated that irinotecan plus S-1 was not inferior to 5-FU and folinic acid Figure 1 Progression-free and overall survival. in patients who received second-line chemotherapy for metastatic colorectal cancer, our study analyzed a group of 27 patients treated with irinotecan and 5-FU or S1. 11 Our results showed an encouraging RR of 29.6% and SD in a further 29.6% of patients. Treatment was well-tolerated with the most frequently observed adverse events being neutropenia and nausea/vomiting, while no grade 4 adverse events were noted. Median PFS was 4.8 months and median OS was 10.5 months.
As a result of the limited number of studies published, no standard second or third-line chemotherapy has emerged in the treatment of ESCC. Although there have been some reports on irinotecan combined with 5-FU in patients with both esophageal and gastric cancer in the second-line setting, only two phase II studies included a small number of patients with ESCC. 9, 10 Both of these studies used irinotecan plus fluorouracil-based (5-FU or capecitabine) regimens as second-line therapy, and yielded objective responses of 17% and 29%, and PFS of 3.1 and 3.7 months with corresponding OS of 6.4 and 6.5 months, respectively. Grade 3/4 neutropenia and diarrhea were observed in 31-36% and 8-15% of patients, respectively. However, both studies consisted of multiple histological subtypes, with only about 7% of squamous cell carcinomas. As there is increasing recognition that squamous cell carcinoma and adenocarcinoma should be studied as different entities, because optimal therapies may differ, it remains uncertain whether these efficacies can be acquired from patients with ESCC. To our knowledge, our study reported efficacy in the largest number of ESCC patients who received irinotecan plus fluorouracil-based regimens as salvage therapy.
Several irinotecan-based regimens have been tested as second-line treatment for advanced gastroesophageal cancer. Burkart et al. evaluated weekly irinotecan at 100 mg/m 2 every four weeks in 14 patients with relapsed esophageal cancer after cisplatin-based chemotherapy; the RR was 15.4%, with PFS of two months and OS of five months. 8 Grade 3 toxicities included diarrhea (n = 3), fever (n = 1), and pain (n = 1). Moreover, second-line chemotherapy studies of irinotecan in combination with a docetaxel regimen in patients with advanced esophageal cancer resulted in RRs of 12.5% and 36%, PFS of 11 and 18.5 weeks, and OS of 24 and 26 weeks. 12, 13 However, in these studies, 37 (90%) and 11 (45.8%) patients had adenocarcinoma histology. Grade 3 and 4 toxicities included neutropenia, diarrhea and nausea/emesis, and one of studies reported two deaths related to toxicity. 12 Fluorouracil-based regimens were also evaluated in second-line treatment for patients with esophageal cancer. Akutsu et al. assessed the efficacy of S-1 monotherapy as second or third line treatment in patients with unresectable and recurrent ESCC, with promising results: RR 25%, median PFS 3.3 months, and OS 10.8 months.
14 Incidences of grade 3 leukopenia and diarrhea were 5% and 10%, respectively, and no grade 4 toxicity was observed. Another small phase II trial of second-line treatment for patients with recurrent esophageal cancer, using docetaxel and S-1, reported an RR of 21% and a median OS of 10 months. 15 In our study, the regimen was well tolerated; the most common toxicities were grade 2 leukopenia (22%) and grade 1 anorexia (22%). The profiles and incidence of toxicities in our study were lower than those of other phase II studies, which may be attributed to the lower doses of irinotecan (150-160 mg/m 2 ) that were used in our study. 9, 10 Regarding molecular targeted agents, no significant survival benefit has been demonstrated in the treatment of metastatic ESCC patients. A phase II study evaluated the epidermal growth factor receptor inhibitor, cetuximab, in combination with irinotecan as second-line treatment in 52 patients with platinum-resistant gastroesophageal cancer. The RR was 14% and OS was 6.4 months. 16 Grade 3/4 neutropenia was observed in 16% of patients, and grade 3 diarrhea in four patients (8%). In addition, the first prospective phase III trial to investigate gefitinib as second-line treatment in patients with esophageal cancer demonstrated a PFS benefit of gefitinib compared with a placebo (1.57 vs. 1.17 months, P = 0.02), but no significant difference in overall survival (3.67 vs. 3.73 months, P = 0.29). 17 To date, cytotoxic chemotherapy remains the mainstay of treatment for patients with metastatic ESCC.
In summary, our study indicated that irinotecan combined with a fluorouracil-based regimen as second or third-line chemotherapy was well-tolerated and the RR of 29.6% was encouraging. Because of the limitations of our study -relatively small sample size and retrospective analysis -a definite conclusion cannot be drawn. A prospective randomized clinical trial detecting the merits of an irinotecan combined with fluorouracil-based regimen should be conducted in the future.
